Degradable-brushed pHEMA-pDMAEMA synthesized via ATRP and click chemistry for gene delivery.
Brushed polymers composed of a backbone of poly(hydroxyethyl methacrylate) (pHEMA) onto which poly(2-(dimethylamino)ethyl methacrylate)s (pDMAEMAs) was grafted via a hydrolyzable linker were synthesized and evaluated as nonviral gene delivery vectors. Both pDMAEMA and pHEMA polymers with controlled molecular weights and narrow distributions were synthesized by controlled atom transfer radical polymerization (ATRP). The azide initiator was used to ensure complete and monoazide functionalization of the pDMAEMA polymer chains. Click reaction between pHEMA with alkyne side groups and the azide end group in the pDMAEMA resulted in a high-molecular-weight polymer composed of low-molecular-weight constituents via an easily degradable carbonate ester linker. The length of the pDMAEMA grafts as well as the number of grafts of the brushed pHEMA-pDMAEMA can be easily varied. At physiological conditions (pH 7.4 and 37 degrees C), the brushed polymer degraded by hydrolysis of the carbonate ester with a half-life of 96 h. The molecular weights of the formed degradation products was very close to that of the starting pDMAEMA, which is likely below the renal excretion limit (<30 kDa). It was shown that the degradable brushed pHEMA-pDMAEMAs were able to condense plasmid DNA into positively charged nanosized particles. The resulting polyplexes were able to transfect cells efficiently in the presence of the endosomal membrane disrupting INF-7 peptide, and all these degradable polymers showed lower cellular toxicity compared to a high-molecular-weight pDMAEMA reference. On the other hand, the low-molecular-weight pDMAEMA used for the grafting to pHEMA was neither able to condense the structure of DNA nor able to transfect cells. This study demonstrates that grafting a low-molecular-weight cationic polymer via a hydrolyzable linker to a neutral hydrophilic polymer is an effective approach to modulate the transfection activity and toxicity profile of gene delivery polymers.